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(54) HIGH-FREQUENCY SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To reduce the influence of the dielectric 
constant of sealing resin and to prevent the high- 
frequency characteristics from deteriorating without 
affecting passivation film in a GaAsFET which is 
subjected to the sealing resin. 

CONSTITUTION: In a GaAsFET 10 with Ti/Al/Mo gate 
electrode 2 formed on GaAs substrate 1 with a recess, 
SiN passivation film 5 is formed on the gate electrode 2 
and the surface of the surrounding GaAsFET 10, and a 
covering resin 7 which has a dielectric constant of 3.2 or 
less and fluororesin with a film thickness of 2jim or more 
is applied to the surface, and then sealing is made by 
epoxy mold resin, preventing high-frequency 
characteristics from deteriorating by molding rather than 
preventing chip characteristics from deteriorating. 




(19) H^BiiiWit (jp) 02) ^ H ij^ ^ (A) iwmmmnitmm^ 

iNF5i¥8 - 83813 

my^^B ¥dt8i¥(1996)3 ^260 







F I 




HOIL 21/338 








29/812 








23/29 










9171 -4M 


HOIL 


29/ 80 Q 




6921 -4E 




23/ 30 B 






*B^f^ m^m<Dm6 ol <^ ? k) sisiiMizm< 






(71)ffl®A 


000008013 
















^3StlB=P«faiK3lL©(^-Ta 2 S 3 






<72)f6M# 
























(72)5!M# 


moi m- 






















(72)ieM# 










m»iiiffim^f'S3TBi3«2m Hum 



















(54) S5^?!J£¥«i<iS^e, &t;^t^SHi&?ife 



(57) imm] 

V 1 / A 1 /M o l>^H?«2 ^Wll^^G a A s F E J- 
(ny y mmw^ J: U fetffiWilH 7 iSr tScIS L . tJ^ 



I : OaAsKtS 
A \ KU-f >!»« 

s : /<-/S/'\'-J/a >lt 
io:GaAsrer 

II : K7U-A 

JT-m 





n 



1 

m ^ i-{-imtm J: /j: ^ y< V > 3 >m^^mm l 

y y m ^T^ttilit ^ U -C ^ . Hl^" :7 :y t i:E 

^ i • <6 t> CO ^ /5 ^ <t 1$: 1^ m ^ i- ji^ ^ -^1^^* 
-jv vmmxm\i L X ^i^Ji^*4^l^ii®^^^3^^l^i^<?o^it:tri:/5 30 

^ ij K V u - A .1;: {w \l^m 't hXMts 

Y y :y i> ^ o-yW^'k ili^flo:^^ 3 . 2 1^ Fc) -7 ^ ^^^liiB:* 

y>i>y<^y±{¥^ "/ y y 'J — K tJilS J: 0 JJ". 

vm\omMt^:'^Sim\ so 



#Bn ?-8 - 8 3 8 I 3 

(0 001] 

XJ^^com^ik'Jsm^m i|^|:if«.^*Si^^6'>'S<f >y^-^y 

^4\cm% '^iX^G a A s F E'J\ HEMT. MM I C^' 
[0 0 0 2] 

AsFET. 1 0 2f:iy — x<.l7'f -y. 10 3|:iKl--<> 

y-Y-y, 1 0 4f:):>/— i 0 Si^iV-;:^ - 
K. 1 0 6 (1 K u-r V U — K. 10 7 V')- W 

10 0 0 3] ia6{:t|gl5c/5iSii?aSt^l^»Si^^tt{^fi?ffi^n 

/cG a A s F E T 1 0 1 o:mmw^m.'kyy^'^rm\xhK:>o u 
{cufo^^x. 1 {-^Mmc n m^i\'^m 6 '^mr^i \^izq -a a s 

■MR X^> ^cO^^J -L- X i!^ ( D R ) \-X .1 5 0 0 > 
y', h p — A, U l-rxilvSriS 0 0 0 ^-v^x V p- AT'*j 
<r)o ^/::is 2fl>>'- hnMXP>^) . 'V \ / j\ \ /M a 

0 0 -^'u^/'A V i-» — Mi^rj 7 0 0 0 'A >'/y^ 

i?5;^^rv^<5c. 3 f;i:y — x^ii^^u-CiioO . A u G e /0^«b?!/: 
M^J^(13 0 0 0>^'>t/X h i:^--Ar'iI^>5« ^I^KU- 
>mS4'C^*:J . A u G e 19 . /^i)L;!5f:J: 3 0 0 0 

m))^^< V yi^iyA^(y^mi\^mtt^x,o x^mri^^wtz. 

y xy -I >'mxh <0 . S i UWiX ^) ^S: ^) . I 0 0 

O:^'^^/^^ hc2'-Ac/)S!^W.$r^fi-6'bc?'>T-*^>::)o ^y<y 
iyy<-i^ »J^: 5 it^ yy X-v- C V DmxMt&^iXs ± 

mem «9 ^^,/yyXi^mi'^ h(/r'ep?^o 
[0 0 0 4] memmco\^'^xwm-^o ^>^-y^fm3 

2{cWiGy\ y,(DA-J}\n^-kM>LK:>ts V ^ yi:^\t^ 

im.'^i^-^^^yjc^mm mstmm) i o b\xo a a s f e 

T I 0 I twjH«g^PllllLTl/^<S/::i6. |gl6c/)G a A s F E 

. yw..;^|^]^;|jV (Cgs) hm^^2(5')^^l 
[0 0 0 5] 

( m mm l j: o i: i - l ..iMre lii r> , i^i e >sr m i ^ 



3 

t . h WLm 2 oHWifn t F W > vtffii 4 iiliji^ n Jl^filr^i 
[0 0 0 61 "tZ'C. Mm^^<:it'f-y:/^m±mmi^^: 

^m±L/j:i^v. ^vy'^^^^t Lxmm-^r^zt^j'^ 

[000 7] fSi^^^ ^mm^ 63 - 204742 
G a A s F E Tc?)^— h ^teiif^ll W^4T-ifo ^ 

^'-<— >mo-)mmo:mmtLi^i{:r.. s i 02 , sin 
^z.i\:x.x{imm.mmmmt LX'.nv-^ ^ h-^m]] ttim 

J: ^) ^i:>^y<^i^^-iyB >mi^i'^>LXi&mm.mi(iimmx 
^ii. ^ffi^. m'me 3-2 \. 337 

[0 0 0 8] zixho^ycrytmcx. ±^'m& (Cgs. c 
gd) ^yh^<i-^fz.bf:>mm^mm>i<V'< ^ h\\i^^j:^m 

my ymw^mmm&mtomm:J'j/)m\^^t\^^ 

[0 0 0 9] zoymiits ±Moy^ 9 ^^li^^o^mm^lz 

m/^x^,it ^ Ji%/^i><Dx. mwummc x n y r/^tnxh-t 

^mi^\cu\^^x. y<yi^^^-^,i >'mo:>mm^m^i:o z 

t^s:<. '^h iz.M± J: o 'C ^ 0) ^jim m'\'(^y^iit ^ ± 
c c^:)^^i.v]: 9 . J: te-f,^^ft^^ir-^?^>S':^ •;/5!'^^f^Wjit 

m^mwrnm:. Rv^^<omm:fm^mmi'^zt^Mt\^ 

[001 O 1 tCJFS. mBW- 5- 1 9 8 5 0 2 ^■{ZlX. 

mf^m'^f ^^^^miinm^mt Lxy ^mt:H^n^v ^ ^ 
m-^m\^^^miz,^ uy ymmiM^mmik < my&i~^zt 
^i^ts^mmmm'jjmm^^nx-^o ^ . wim^ 5-7 
2 7 3 6 ■^■cr.it. ^\'^mi^m-f-miii\^(^yi^y y mWiniv-( 



(3) - 8 3 8 13 

1 0 0 I n 

^mfmmn. mmm hy> ^ y^-^ y ^ ^- 

vmmx^±{.xti:^^m^^mwmwi\^^^^x . 

f-m^. o:>mm.'^^'/j'^ 3 . 2aTX, Wmyb^2 fj YB&..t 

o:>y ym>%mm'^:iSimLxfj:^, ^y ym'^mmt.\:M 

[0 0] 2] ^fLzomm\t^. ±Mm,mnL'^m'Wm\kK 
^3l^x. ±S\i'y'yy^'^'y^y'^'—j^v'mm\'X. -i^^^a^v^t^ 

[0 0 I 3] ^i;/::cco^i!i^ii:. Arm^m'^^mvmmz. 

a A s F E TX'h^ iyi^rCh^,. 

[0 0 1 4 1 zom\m^.:^^f)-^mmm'mi^^momm 

Jjmit. -cgi^^}^ V=yi^'yy^'y^^^i '/yy.-f' y i/ -t- - /i' V 

X . ^^^-W mi .t V y > i> y^ ^ ^ mr^ <6 m 

R'(ft(Dmmo:>m.^m!J^ hy>iyy^'$^(omm^mm. 
m 3 . 2 m T (D y y mmm w^wm x . dmm (om ^ 2 
1/ ni ^ X 9 k: m'M L . mmm k m. ft: -li- ^ t . 
^■ori^k. ±^mt^^:tit.tmm^'&:tsA:.mm.9^^}!^ h 

y >'i>y^ ^ ±W :/ y ^/^ y y - /u Ym\f^ \c J; «9 ^^t JJ: 
[001 5 ] 

■yt? [Mil] Z(DW^1)^i>^^W^^W¥M\!$^^Az^ 

'm.m)\W< Vyy'Jy^'y^^'/yy^'J'yy^^-jx^vmm 
xn^x^x-tjii^mm'^'mw^ A:W^m 

<r>WimA^'»i^Vy>^y^y(nmm\^. Wi\tm. ^t,lt^ 

imx V) /£^^<yiy-<-^y^i >m-^mmLfzmc^ ^o-y 
m'm.m-^'^. 2utx, wmyp2 nm^.A:.o:>y ^mihm 

m'^i:m&\^XfS:'<:>, Wi.y ymT^m^ t A::M^< y ^-<-iy 

ri > m toy 2 mmm. w l . jz ird :/ yy^^-yy k 

50 ts:oZtm<. Vtm\\^^^h'kXX\^^'tz'Ai^J ^ % ^(ij, 



5 

[0 0 161 ^^tiz^mm^io\.^x\:i.. AimMmm^m 
[0 0 17] cr)^6lj^Hw:fo^^r II. .J:.ri2?^^ismt-^ 
[0 0 1 8] i!^tzzo:>wn{::jio\^^xi-x. .tm^m^ik^m 

it Y m ^-h ^ -C . T W. Tz (1 Y ^ 

- Vm.m^^i'^m^^sm hy>i^:^^\zi^i^^Xs AzW, 

loo 1. 9] ^.'/cz.omm\c-i-3^^'xa. A:Mmm^^\^m 
mmmA:::jr3\.'^x. tmmmmi^^mmt. g a a s f e 

10 0 2 0] r^mmnc/)^if)^^^mf&'mt¥mm.(^m 

KMiii^ t^MJh tr <3i^5iji^?«ii|^^i^v?^ 
y^r^mw^, y-^^mm. \^i^^>mM. v-h-mm. 

J: ^ ^'XM'k^^^O'yx . y< y X^mm 

^m^i:oz.tm<s ■mm\^^hnx\.^rz.7r^v ^ ^ h'j:^ 

[0 0 21] 

immm 

'mMi¥^\ I . Ill I {tzo:)m]oym i ommmicx^G n a 

GnAsS^"C*^9. -^c?)!;'b:;j;T^^ (DR) l 5 O 
0;;d->y>^ h ri — /n, ll-fer y^iftrif^i 8 0 0 0 1^ ni 

-^>T'*^<5o 2(:t>/- hil1fl|iT'i^^*9x T i /A 1 

i^y—y^mi^xh^. aug e>o>e^i^*). Jf:c^?fi3 0 o 



(^:) ¥fmW-S - 8 3 8 1 3 

e 

Au G e '/j^h^Si^, m^itS 0 0 Op^ ^-^X hu— AT 
;S>>^o 5 (lg^:G n A s F E T 1 0 0 (f:>^/— [^mM 2 , R 

h'^m 2 ommo:>^UG a a s f e t 1 0 (D-mm 

^^rWimt^o X 0 \ar<^f&'^ Mzy<y ^>^-- > ^ >mxp:> 
[0 0 2 2] lil 3 (b) CI. 3 0)X b G a A s 

F e t ]. 0 (r>m^. m&m\fx ? tLx. y ywrnmiM 

JO i^:»^\f^{tzJin{zix?LX. z^'Ai^'i^mmifu y'J=^> 
^mm^m\y\.. m2oo'' cx-\'::^r'rK>zt\z.x.^) 

H:0:>O ix F E T l 0#.«v^-*£--yU K^[)M 1 
5 I;: J; ^jf li: (-Hi -^u K) L/c G a A s F E T (7.:)M<lHri?, 

[0 0 2 3] II 3 (b) (:::|oi^'C s ACi'y .y;H'5;;f4^tJlltic^:>il^^ 

-rmm. \:>{t^--y\^ mM^: \.xm.T\xy^^ ^^^^'Ai-\-ym^\ 

[0 0 2 4] y yW^^Mmi\. \y^) 

(E, F) ^#-Ci.^>So ±ntini^f1^.\f.(;:4oit^» MOTls 
7t::ov^'CI;t. ^t^>i¥c5 (111. '1^'^/:) h ) (1. :i^£^>ji^<. 

j(? loo 2 5 ] 1^1 3 (b) o:>'/y y X.'O. m^o:>mW^'/:^ 
3.2 iSrM X. ^ ^ , G a A s F E T 6?:)i0ljtMmi5:"F L T V > 

cn{;t^lJ(mil!;Jic?:)pm^^^c?:>m::^t^ GaAsF 

C; a A s F E 'I^ 0^^^]^ \^ !|#t?J:;i^5 ^;fii L t ^ X. b \x 
[0 0 2 6] lij 4 \:MMMMt \.xy ymmm\f^ k, 

il5^^1^,v^l^rol^T. G a A s F ET 1 0 onwxkmt^x^r^ 

10 *?iJli^'>T<U-CV^'6o C(/.)ia-e(:J:. m'^yh^2 n mX.^ *\^ '^ 

[ 0 0 2 7 ] ZO^X.0 \Z.:\^'^^m\y'\ 1 Ctv G a A s F E T 

60jil1523(/^G a A s F ET 1 0 «7:>l^iTiK^. S i O. XllS 
i N J: v-<— >'))!^ 5 J: 

«9>lC^SfeMWM7 i:C/>2)Rjiaffi35ii<b ^ :ai r^t- ^ 

mm\Z. ^ Kt^jlg 1 5 r-IHftiM^'rU:-^]- 6 «J: 9 L 

5i? '=J-'&r.<L-;^>^-Cd6^iC?)-c^>;><5« '7-y'/mW\t^. y< 



7 

10 0 2 81 m&m2. 11 2 (a) -(e) nz(/mm(^:>m 

i^^y^yi^^-^ui 5 ^ o ft /:: -xr^^/iJci^ 5 . 
(0 0 2 9] \m 2 (b) i:i:^j<i-J: oK, ]} - Kv u- 

-A 1. 1 htcHMiH 1 2 -eJitEG a A s F E T ^ :y 0 
^^ry-r Ji^V'/w ^^i-^).. |«|2(o) lw7j;-rJ:9 

fd. J::t?tIG a A s F E T "J- > 1 0 C') y — 3 , K 

10 0 3 0) m^. m 2 (d) l;:>j^i-J; v ic, v ,y 

J; . y- h WM 2 <!: ^f:3^fi|ciJig« i mamm/mmm 
mm 7\cd:^ m <s . z x . 4 -y x 3 ^ mnm 

[0 0 3 1 ] c CO J; •!> <i:'^mmo:^m 2 ommmc^ix 

(X. .hmmmm i vmm i.rz.xo\^. g a a s f e t\z. 

^C0'>¥— VmMh RX/^(Omm(OG a A s F E 

J: ^ U fz m s --t - Kt^tJjg 1 5 xm± L r 4^ ^5 (?) 

x\ wmm.\k"r^ z t izx^t%}m&m<\i<^y^;it^m±'r 

h<r>2m.Wm'^b\.tz.(r>x. ^<yi^^-'^-^)y'Wmzm 

w^^'^j->L^z t^M< . G a A s mmtcom,^m^'^yh^\.^ 
y ym^mm^mMm,^o:>m&mmt Lxmmi-^zt 

T. ^<r>m-^tt'^2 ,j mU±o:>y >ymm}M4:m\^^t:.(OX. 

i'^GaAsFET, P:>^^^ltG (i A s \C\c$S\^>X^ 
ztif^Xt^^SW)kh^^>K>s> 



(e>) mW^- 8 3 8 1 3 

s 

1 0 0 3 2] /^^o. :;^^-5i;ite«2r(:5:. ±1ie::=' 
Si^ff^. r>;tyN:7*p-t:^^i^. ?jt';/-7^ >:/{CiJ: *9fro/c 

-^^^Mm < m^x ^ . ±je(i 2 (c) !7 ^ 

1 3 or^M 3 . 4 _hco;j^ ^' > ^fffi <b . .hire y y 
10 0 3 3) ;^-/-^:i±c)a:«u«-t'rt. Ii5ii^l7&¥^2§c(4^^gii^^ 

i^mm'^Mt^^mm^^^'=(^t LXit. g a a s f e rxh 
w y^m^^m\zmix'^m\^tL/)K zHmwiww mm 
I cti:t'om-j-xh-^x%,.i:<. mm(0'm-^^m'^-^:iZ 

kl'X\^^otiXi:,ts:^\ 
[0 0 3 4 ] 

[mmmm] u±,o:i,\i '^\-.zmm\\c.'i)^f)^y^w,m'&^\^ 

mi.izmz.. ^om'^^^-zy^^. 2^xtx\ wm/)^2itm 
\ik.to^y ym^mm^m&irXt$:Z;>. uy ymmmmt 

.11: ^: MIL 'ft Mm m^^mi^mm\^:^\^'Xh. y<y v-<- > 
^ >-omi&^iMi:o ztm< . Viimm^^b^X\.'^:iy}<V 

^ ^ hizmmmom^'^y ^ymmimt^m]vr>3 

zt'/r-x^. mM:Mmoymmm(n^m^^M-t^zt 

[0 0 3 5 ] iiifz,zomm\z,s:icLtu A'j^mwm^rmw 

30 [0 0 3 6 ] %f^ZO-)^W\\cA.\x\\l. A:MMm'(^^W 
^mmx^^^X^ \::^m.mmVy>':y:^^\X^ IJ-trx^tS 
'^^^'t^o:>X. V '\^:^Wm^^'i'^m^mm V'yi^'y 
ys^y\C'B\^^X. \:M(r>^^ #••)" <:> h oy '^mn^ X ^ -6 „ 
[0 0 3 7] ij^fz.zo:>wmcj^HU. A:3!Mm(^^mW 

av^yy- hnM^m'tK:>o^x. mrmt.i'ii^ym.'/- 
[0 0 3 8] i\ifz.zoy^jmMc,);:)ci\-:^. A:mmm^^m^w 

'JO WimmnL^mW^mn. GaAsFEX 

XP>K:>o:>X\ G a A s F ETiCj-c3U>r . .\:.1^il<09h!K:m^t 

[0 0 3 9] zo:)^m\^M)^^$iimm^m{^^m.(oM^ 
\mmxn\\'^ \^xtiiKo'^)n^irm'\^w^o:>w^^mx 



urn 2] zo-)m](^yi!\^. 2 (/:>mmmi^x^Mmiiii^^m-{¥ 



(B) 1^1?H¥8 - 8 3 8 1 3 

10 

im 6 ] t;i::JiC-<7)G a A s F E T ^d:^'i'Brmmmmo 

10 X n m^mM^)\m li-cg a a s mm. 2 y 
^^.<_^^ 7 ifjc^wii (y^ym^^mm) . 1 

0 G a a s mU. 11 y ^ K:^ U — M., 1 2 -t^ 
13 17-<A'. 14 -T-V 15 -X— 

KWfll (:^--^^A-V'tlf|J]ln) . 10 1. GaAsFET. 1 
0 2 y — .'X y v. 1 0 3 K U'-f >'!7 V, 10 4 

h '7>r -V'. J 0 5 y— v h\ i. o 6 k u 
> y - K. 1 0 7 h y - K. 1 o 8 mmitn- 

20 




(T) 



F 8 - 8 3 8 1 3 



ims] 



[11)5] 




105 



1 2 3 3^ 4 5 6 

mimm<omtm 




106 



101 : GaAsFET 

102 : v-;3i9i' 
103: KU-f>9<-\' 

104 : h-^-rv 
105: K 
106: Ku<>y-K 
107: hy- K 

1 08 : fiMjeibfitx ttf^ 5* mtm 




1 : GaAs2&IS 
2 : y- K«« 
3 : 

5 : j^-/i^^—'>B>% 



H 0 1 L 23/31 

6921 -4 E H 0 1 L 23/30 D 

9171 "'IM 29/80 G 



